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Purpose: Transperitoneal and retroperitoneal approaches to video-assisted aortofemoral 
bypass were developed and compared using gasless laparoscopic techniques in a porcine 
model. 
Methods: Ten pigs were randomized to either a transperitoneal or retroperitoneal 
approach. Aortic clamp time, total operative time, and complications were recorded. Both 
operations used an external lift device to maintain the working space. Retroperitoneal 
operations first used serial balloon inflation to dissect he retroperitoneum. After exposure 
of  the infrarenal aorta, a graft was tunneled under endoscopic visualization. End-to-side 
aortic and femoral anastomoses were created with conventional instruments through 4 cm 
incisions. 
Results: Mean - SEM aortic clamp time, operative duration, and graft patency rates were 
similar for both approaches (difference not significant by unpaired t test). Intraoperative 
complications related to the use of  the laparoscopie technique included injury to the 
bladder and small bowel (n = 2) and occurred only in the transperitoneal group. 
Conclusions: The use of a gasless technique allowed direct visualization, standard 
instrumentation, and conventional anastomotic techniques. The retroperitoneal approach 
used the peritoneal sac to exclude the bowel, simplifying the aortic dissection. Gasless 
laparoscopic-assisted aortofemoral bypass can be performed by both transperitoneal and 
retroperitoneal approaches and holds promise as a minimally invasive treatment for 
aortoiliac occlusive disease. (J VAse S~c 1996;23:466-71.) 
Laparoscopic cholecystectomy revolutionized 
general surgery by offering cosmetic incisions, 
shorter hospitalization, and a faster return to 
normal activity compared with the standard open 
operations. ~s Subsequently, "minimally invasive" 
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techniques have been applied to a host of  other 
common operations including antireflux surgery, 
appendectomy, herniorrhaphy, gastrectomy, and 
bowel resection. Operative xperience with retroperi- 
toneal organs has been limited to the kidneys and 
ureters, adrenal gland, and pancreas. More recently, 
laparoscopic-assisted aortofemoral bypass has been 
performed through a transperitoneal approach, indi- 
cating the feasibility of using laparoscopic techniques 
in aortic reconstruction. 4,s 
In current practice the retroperitoneal approach 
to aortic reconstruction has demonstrated clinically 
significant trends toward more rapid patient recovery 
from operation, a shorter period of ileus, diminished 
pulmonary complications, and decreased postopera- 
tive length of stay in the intensive care unit and 
hospital compared with the transperitoneal p- 
p roach J  Based on the success of the open retroperi- 
toneal approach for aortic surgery and that of 
laparoscopic procedures in general, we hypothesized 
JOURNAL OF VASCULAR SURGERY 
Volume 23, Number 3 Jones et al. 467 
that a laparoscopic retroperitoneal technique for 
aortic reconstruction might improve outcome fur- 
ther by avoiding the morbidity of a large laparotomy. 
The purpose of this study was to develop optimal 
transperitoneal nd retroperitoneal pproaches for 
gasless video-assisted aortofemoral bypass and to 
compare these methods in an acute porcine model. 
MATERIAL AND METHODS 
Preliminary studies. The basic principles and 
techniques for video-assisted porcine aortic surgery 
were developed in collaboration with the veterinary 
staff at the Ethicon-Endoscopy Institute (Cincinnati, 
Ohio). Techniques for transperitoneal and retroperi- 
toneal access to the infrarenal aorta, tunneling of 
prosthetic grafts, and performing aortic anastomoses 
were developed in three domestic swine. 
Animals. It was elected to perform bypasses from 
the aorta to the right femoral artery. This requires 
construction of a longer, more difficult tunnel than 
would aorto-left femoral bypass. No aortobifemoral 
bypasses were done. Ten domestic female pigs 
weighing 29 to 36 kg were randomized to either a 
transperitoneal or retroperitoneal laparoscopic- 
assisted aortofemoral bypass, according to a protocol 
approved by the Washington University School of 
Medicine Animal Care Committee. In each case, 
prebypass preparation i cluded induction of general 
anesthesia, establishment of controlled ventilation 
with an endotracheal tube, orogastric decompression 
of the stomach, and peripheral intravenous access. 
Because of the difficulty in cannularing the porcine 
urethra, a urinary catheter was used selectively if the 
bladder seemed istended. After positioning for the 
appropriate procedure, animals were prepared with 
povidone-iodine (Betadine) and draped with sterile 
towels. Animal care complied with the "Principles of 
Laboratory Animal Care" (formulated by the Na- 
tional Society for Medical Research) and the Guide 
for the Care and Use of Laboratory Animals (Na- 
tional Institutes of Health publication No. 86-23, 
revised 1985). 
Transperitoneal exposure. The transperitoneal 
technique was performed with the animal supine. 
The abdominal wall was retracted manually and a 
Veress needle was blindly inserted into the lower 
abdomen directed away from the aortic bifurcation. 
The abdominal cavity was then insufflated with 
carbon dioxide to a pressure of 15 mm Hg. After a 
video laparoscope was inserted through the initial 
port, the remaining ports were placed under laparo- 
scopic vision. One 10 mm port was placed in the right 
flank for bowel retraction and two additional 10 mm 
working ports were placed in the left flank (Fig. 1). 
After these ports were secured, the pneumoperito- 
neum was evacuated. Through a 2 cm lower midline 
incision over the aortic bifurcation, an external lift 
device was used to maintain the working space. Steep 
Trendelenburg (head-down) position (30 to 60 
degrees) was necessary to retract the small bowel 
anterior to the liver, to provide adequate exposure to 
the aortic bifurcation (Fig. 1, B and C), and a f)n 
retractor was used to retract he small bowel further 
while the retroperitoneum overlying the aorta was 
incised. With standard laparoscopic nstruments un- 
der video observation, the infrarenal aorta was 
dissected along each of its lateral borders to the level 
of the spine and longitudinally from the level of the 
left renal vein to the aortic bifurcation. Retraction of 
the aorta with an umbilical tape facilitated circum- 
ferential exposure, allowing the lumbar vessels and 
the inferior mesenteric artery to be clipped and 
divided under optimal visualization. 
Retroperitoneal exposure. For the retroperito- 
neal approach, the animal was placed in the right 
lateral decubitus position. An expandable balloon 
(General Surgical Innovations Inc., Portola Valley, 
Calif.) was introduced through a 2 cm incision in the 
left flank, and it was inflated serially to a total of 600 
ml saline solution to create an extraperitoneal space. 
After balloon expansion, the external lift device was 
inserted to maintain the working space and two 10 
mm working ports were placed in the left flank for 
insertion of dissecting instruments (Fig. 2). The aorta 
was approached through a plane anterior to the left 
kidney, with the intact peritoneal sac used to facilitate 
retraction of the small bowel to the right. The 
inffarenal aorta was then dissected circumferentially 
and the lumbar vessels and inferior mesenteric artery 
were clipped and divided. 
Aortofemoral bypass. After aortic exposure by 
either the transperitoneal or retroperitoneal p- 
proach, a right femoral incision was made and the 
common femoral artery was exposed at the level of 
the inguinal igament. In each case, a 6 mm polytet- 
rafluoroethylene graft (W. L. Gore, Inc., Flagstaff, 
Ariz.) was tunneled through the pelvic retroperito- 
neum from the femoral incision to the aortic bifurca- 
tion under laparoscopic guidance. A 5 mm, 30- 
degree laparoscope was used to illuminate and image 
the femoral dissection, and a 10 mm 30-degree lap- 
aroscope (Olympus; Lenexa, Karl.) was used to visu- 
alize intraabdominal passage of the graft. Retraction 
of the retroperitoneum under the inguinal igament 
was facilitated by a sterile laryngoscope and the graft 
was introduced by a blunt 5 mm laparoscopic cherry 
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Fig. 1. Transperitoneal pproach. Left side demonstrates port placement for optimal visual- 
ization, tissue manipulation, and suturing. Cross-sectional view demonstrates relationship of lift 
device, bowel and retractors, and working ports (upper right). The transperitoneal approach 
relies largely on gravity to displace intraabdominal organs from operative field and requires teep 
Trendelenburg positioning (lower right). 
dissector (Ethicon-Endosurgery; Cincinnati). Once 
the graft was in place, any kinking or twisting was 
easily detected by video imaging and corrected. The 
external lift device was then removed from the central 
incision, and this incision over the aortic bifurcation 
was extended to 4 cm. For both the transperitoneal 
and retroperitoneal pproaches, exposure of the anas- 
tomotic site on the aorta was maintained by a small 
self-retaining retractor and gauze packing (Fig. 3). 
Creation of the proximal aortic-graft anastomo- 
sis was performed similarly for both the transperi- 
toneal and retroperitoneal pproaches. The proximal 
and distal aortas were temporar@ occluded with 
large titanium endoscopic clips (EL40; Ethicon- 
Endosurgery). Working through the 4 cm incision 
overlying the aorta with standard vascular instru- 
ments, a 1 cm anterior aortotomy was made and 
an end-to-side anastomosis was constructed. After 
the anastomosis was complete, the proximal aortic 
clip was removed and the graft was flushed with 
approximately 20 ml heparin (10 units/ml) and then 
clamped adjacent to the proximal anastomosis. After 
suture-line hemostasis was secured, a 1 cm femoral 
arteriotomy was made and the distal end-to-side 
anastomosis was completed under direct vision. The 
clamp was removed from the proximal graft to 
restore flow to the femoral artery. After 20 minutes 
to assess immediate graft patency, animals were 
killed by barbiturate overdose. 
Analysis. Total operative time, aortic clamp time, 
intraoperative complications related to the use of a 
laparoscopic technique, and initial graft patency rates 
were recorded for each procedure. Statistical com- 
parisons for each outcome measure were determined 
with the unpaired Student t test, with significance 
assumed at the level ofp < 0.05. Summary values in 
the text are expressed as mean __+ SEM. 
RESULTS 
Successful aortofemoral bypass was completed in 
all 10 animals. Total aortic clamp time was similar 
for the transperitoneal and retroperitoneal ap- 
proaches (mean __. SEM, 27 __ 5 vs 28 ___ 5 min- 
utes, respectively; p > 0.05), as was the total time 
to completion of the operation (161 __ 22 minutes 
[transperitoneal] vs 192_  13 minutes [retro- 
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Fig. 2. Retroperitoneal approach. The animal is positioned in 45- to 60-degree right decubitus 
position, with ports placed as indicated (left side). A balloon creates the retroperitoneal working 
space (upper right). An external lift maintains the retroperitoneal working space (lower right). 
peritoneal]; p > 0.05) (Table I). Given the small 
number of procedures performed, no "learning 
curve" was evident. 
Laparoscopic technique-related complications 
were related to creation of the pneumoperitoneum 
and retraction of small bowel and occurred only in 
the group that underwent he transperitoneal p- 
proach (Table II). Bladder perforation occurred in 
one animal during initial Veress needle insertion; 
unfortunately, this pig did not have a urinary catheter 
and the bladder was distended at the beginning of the 
procedure. In one animal undergoing transperitoneal 
exposure of the aorta, the small bowel slipped from 
the fan retractor and the small bowel was inadvert- 
ently cauterized. 
DISCUSSION 
As the use of gasless laparoscopic-assisted ch- 
niques continues to expand to a broader number of 
"minimally invasive" procedures, 8 it will be necessary 
to compare the results of basic investigations and 
well-designed clinical studies before claims of im- 
proved outcome can be accepted. Although there has 
been little application of laparoscopic techniques for 
vascular econstruction to date, several case reports 
have been published in which a transperitoneal 
laparoscopic-assisted approach to aortofemoral by- 
pass was used. 4,s Whereas we are unaware of previous 
published reports of laparoscopic-assisted r troperi- 
toneal exposure for aortic reconstruction i either 
animals or humans, we thought it important to assess 
the safety and efficacy of these techniques inan animal 
model before clinical application. 
Although aortobifemoral bypass grafts were not 
performed in this study, we believe that bifemoral 
tunneling would not significantly complicate the 
procedure. The most difficult portions of an aorto- 
bifemoral bypass (i.e., aortic dissection and control, 
creation of the aortic anastomosis, and tunneling to 
the groin) are also part of an aortounifemoral bypass. 
A right femoral anastomosis was selected for our 
study because it requires the longest tunnel from a left 
retroperitoneal pproach. With a transperitoneal 
approach, tunneling to either groin is equivalent. 
This study confirms the feasibility of laparoscopic- 
assisted aortic reconstruction and documents that 
both transperitoneal and retroperitoneal approaches 
are feasible in an animal model. For video-assisted 
exposure of the aorta, the basic principles of adequate 
aortic dissection, proximal and distal vascular con- 
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Fig. 3. Aortic anastomosis. Once the aorta is mobilized, 
the external lift is removed and 4 cm incision over aortic 
bifurcation allows completion of anastomosis with stan- 
dard instrumentation. A small self-retracting retractor 
adequately exposes aortic bifurcation. After achieving 
proximal and distal control of aorta, a 1 cm aortotomy is
made and an end-to-side anastomosis is created. 
trol, and control of the inferior mesenteric and 
lumbar vessels are identical to those performed in the 
clinical setting, except that they are completed under 
video guidance and external retraction rather than 
with a large incision and direct vision. Modification 
of this technique would be necessary, because clamp- 
ing of the diseased human aorta would require 
standard vascular clamps. We anticipate that this 
could be done by placing two separate, large, flexible 
introducer ports, currently employed in thorascopic 
surgery, as introduction sites for proximal and distal 
clamps. Retraction of the inguinal ligament by a 
sterile laryngoscope placed through the femoral 
incision was incorporated as part of the procedure 
because it improved illumination and visualization 
during retroperitoneal graft tunneling, ensured 
atraumatic passage of the graft, and avoided graft 
twists or kinks. This retraction and illumination 
technique has been adopted favorably for "open" 
tunneling procedures as well. 
Complications with hollow organ injury occurred 
early in our experience and may have been prevent- 
able. Just as an orogastric tube is placed to decom- 
press the stomach, a urinary catheter should be 
inserted routinely to empty the bladder before Veress 
needle and trocar insertion. Unfortunately, the 
unique urinary anatomy of female pigs occasionally 
made this impossible. The problem with Veress 
needle injury can be overcome in human subjects by 
placement of urinary catheters in all patients, open 
trocar-insertion techniques, or by performing the 
entire transperitoneal approach with a gasless tech- 
nique. 
For laparoscopic-assisted aortic exposure, the 
limited ability to prevent small bowel loops from 
entering the operative field remains the single great- 
est obstacle to the transabdominal aortic approach. 
Although the aorta was easier to identify by the 
transperitoneal pproach, constant effort was re- 
quired while performing this dissection to maintain 
small bowel retraction, and very steep Trendelenburg 
position had to be used. Indeed, the potential for 
electrocautery injury to the bowel was illustrated 
during one of our transperitoneal procedures, and 
this will remain a drawback to this approach until 
better small bowel retractors are developed. In 
contrast, the retroperitoneal approach allowed for 
easy retraction of the peritoneal contents with a single 
fan-shaped retractor holding back the intact perito- 
neal sac .  
One problem encountered during the retroperi- 
toneal approach was an initial difficulty locating the 
aorta in the retroperitoneum. Without tactile guid- 
ance to locate the aorta, identification and dissection 
of the aorta by a retroperitoneal approach required a
modest increase in operative time. As surgeons 
develop expertise in ultrasonographic interpretation, 
there may be a role for laparoscopic ultrasonography 
to locate vascular structures. 9 
The use of a gasless technique deserves additional 
comment. Standard laparoscopic nstrumentation is 
unacceptable for manipulating and clamping large 
vessels like the aorta. Laparoscopic suturing is 
feasible but difficult and time-consuming. Perhaps 
most important, laparoscopic suction devices cannot 
easily deal with the relatively large amount of 
bleeding that occurs at anastomotic sites and, even if 
effective, also evacuates the pneumoperitoneum mak- 
ing visibility difficult. Essentially all of the problems 
are solved by use of a gasless technique. Standard 
vascular instruments are used, and standard anasto- 
motic suturing techniques are possible. 
With these techniques, we envision that clinical 
application oflaparoscopic-assisted aortic reconstruc- 
tion will initially be for occlusive atherosclerotic 
disease in otherwise healthy, thin patients. Pitfalls of 
this approach in humans will need to be clarified. 
Critically ill patients may not tolerate prolonged 
operative times, and operating through a small 
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Table I. Results of transperitoneal versus retroperitoneal aortofemoral bypass 
Approach No. Clamp time (rain) Total operative time (rain) Patency (%) 
Transperitoneal 5 27 + 5 161 + 22 100 
Retroperitoneal 5 28 -+ 5 192 +- 13 100 
Data are means -+ SEM. 
Analysis is by unpaired Student  test; difference not significant for all variables. 
Table II. Intraoperative complications 
Intraoperative complications Transperitoneal pproach (n/%) Retroperitoneal pproach (n/%) 
Veress needle injury (bladder) 1/20 - 
Cauterization i jury (small bowel) 1/20 - 
laparotomy may not be possible in the obese patient. 
It is unclear whether the unique geometry of 
aneurysmal disease will make a laparoscopic approach 
untenable. Likewise, patients with suprarenal disease 
may not be candidates for the laparoscopic-assisted 
bypass. Clinical applications of gasless laparoscopic- 
assisted aortic bypass may be ideal for thin patients 
with diffuse infrarenal ortoiliac occlusive disease not 
amenable to percutaneous transluminal ngioplasty. 
Similar to patients with biliary tract disease, 
patients who are hesitant about undergoing a major 
vascular operation may be more likely to undergo the 
same operation if performed through small incisions 
with an abbreviated period of postoperative recovery. 
As with laparoscopic cholecystectomy, laparoscopic- 
assisted aortic bypass urgery will probably be driven 
by patients demanding a more cosmetic and less 
invasive operation. As vascular surgeons, we believe 
the same operation can be performed through a 
laparoscopic-assisted approach as performed tradi- 
tionally through a large laparotomy; however, 
chronic animal studies and pioneering human clinical 
trials are needed to document acceptable morbidity 
and mortality rates, with graft patency rates compa- 
rable to those obtained with open surgical tech- 
niques. We conclude that gasless laparoscopic aorto- 
femoral bypass by both a retroperitoneal and trans- 
abdominal technique can be performed safely in the 
porcine model. 
Because of the differences between porcine and 
human anatomy, our laboratory is currently perform- 
ing cadaveric trials with human prototype xternal- 
lift devices by the retroperitoneal pproach. In 
addition, randomized, controlled-outcome studies 
will be needed to document less postoperative pain, 
fewer complications, and faster recuperation with 
identical or reduced morbidity and mortality rates 
before vascular surgeons can recommend aortic 
reconstruction by the laparoscopic-assisted gasless 
technique to their patients with aortic occlusive or 
aneurysmal disease. 
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